Objective: To examine sleep timing differences in self-reported dietary patterns of children and adolescents. Design: Cross-sectional. Participants: Students aged 9-15 years (n = 119, 11.7 ± 1.3 years, 76% female) attending a summer program for the gifted. The upper and lower quartiles of reported midsleep time (weighted weekdayweekend average) were used to identify early (n = 28) and late (n = 27) sleep timing groups. Methods: Sleep patterns were assessed via self-report. Participants also rated their likelihood to consume 9 different categories of food and drinks on a 5-point scale ranging from "no likelihood" to "high likelihood." Foods were grouped as follows: (1) sugary and caffeinated beverages; (2) high-energy-dense, nutrientpoor foods (ie, sugary, salty, fatty foods); and (3) low-energy-dense, nutrient-rich foods (ie, vegetables, proteins, carbohydrates, fruits). Results: Midsleep time was 02:11 ± 00:25 for the early and 06:14 ± 01:00 for the late sleep timing groups. Participants reporting later sleep timing were more likely to consume sugary/caffeinated beverages and high-energy-dense, nutrient-poor foods throughout the day compared with their early sleep timing peers. The late vs the early sleep timing group also had a higher likelihood of overall consumption of foods and drinks from all categories into the evening and nighttime hours. Conclusion: Our findings indicate that children and adolescents who exhibit late sleep timing are more likely to make poorer dietary choices, which may have important implications for understanding pathways to adiposity and obesity risk during this sensitive period of development.
Introduction
The transition from late childhood to adolescence is a sensitive period in the development of eating habits. 1 Theoretical frameworks and a growing number of empirical findings suggest that the regulation of eating behavior across development is influenced by individual, cultural, physical, and societal factors. [2] [3] [4] [5] At the individual level, sleep is emerging as an increasingly important factor in determining when, what, and how much children and adolescents eat [4] [5] [6] [7] [8] and thus may promote or protect the development of unhealthy eating habits and overweight/obesity. Both experimental and epidemiological research of sleep-obesity links have focused primarily on short sleep duration as a mechanism by which changes in feeding-related hormones and obesogenic eating preferences promote weight gain [7] [8] [9] [10] [11] [12] [13] ; however, less is known about the timing of sleep in association with dietary habits, especially during development. 3, [14] [15] [16] [17] One defining characteristic of the transition to adolescence is an increased preference for delayed sleep timing, which is promoted by the interaction between maturing biologically-based circadian and homeostatic sleep processes. 18, 19 In the context of extracurricular activities, early school start times, electronic media, work, and family demands, many youth sleep too little during the week and delay bedtimes and wake times on weekends. 18 The emergence of this poor sleep health phenotype is associated with early school start times, age, and pubertal development and is generally more prevalent in fully mature adolescents than prepubertal children.
Although existing research on late sleep timing in children and adolescents has revealed associations with depression, poor school performance, substance use, and suicidal ideation, [23] [24] [25] a relatively large gap exists in understanding the influence of sleep timing on factors underlying overweight/obesity risk. 3 Current knowledge of links between sleep timing and dietary patterns comes from only a handful of studies. Late bedtimes and/or a delayed sleep phase pattern in childhood and adolescence are associated with adiposity and weight status, even after controlling for sleep duration and a number of demographic and health factors. 15, [26] [27] [28] Furthermore, youth self-reporting late sleep timing (bedtimes and wake times) are more likely to have higher BMI z scores and to consume more energy-dense, nutrient-poor food, whereas those reporting early sleep timing are more likely to eat more fruits and vegetables.
14 Later bedtimes and wake times in adolescence are also associated with the tendency to consume caffeinated drinks, eat more fast food and fewer dairy products, and show increased food preoccupation. 16, 29 Finally, a recent experimental study used midpoint of sleep from multiple days during a baseline actigraphy assessment to categorize adolescents into early vs late sleep phase groups. Results showed that those exhibiting early sleep timing reduced their energy intake when following a strict sleep protocol with earlier bedtimes (10-hour time in bed), whereas the energy intake of late-type adolescents remained unchanged after adhering to a similar sleep schedule. 30 Collectively, these emerging data indicate that late sleep timing may be an independent risk factor (eg, over and above sleep duration) for a host of obesity-related behaviors and an important pathway in the emergence of poor dietary choices and obesity in youth. This cross-sectional study extends current research on associations between sleep and dietary patterns in school-aged children and adolescents. Participants completed a questionnaire about usual weekday and weekend summer sleep patterns, as well as the likelihood of consuming different foods and beverages across a 24-hour day. Based upon average weekday/weekend midsleep time (MST), we discriminated between early and late sleeping participants and then examined group differences in dietary habits. We hypothesized that (1) the early vs the late sleep timing group would report an increased likelihood to eat low-energy-dense, nutrientrich foods across the day; (2) the late vs the early sleep timing group would report an increased likelihood to eat high-energydense, nutrient-poor foods and sweet and caffeinated beverages across the day; and (3) the late vs the early sleep timing group would report an increased likelihood to eat foods and beverages from all groups into nighttime hours.
Methods

Participants
Participants included children and adolescents aged 9-15 years (n = 119; 11.7 ± 1.3 years; 76% female; 59% white, 30% African American, 11% other) attending a 1-week gifted summer program at the University of Southern Mississippi. Admittance to the program required either intelligence quotients ≥121 or achievement test scores ≥91st percentile (no exclusion criteria). Parents signed an institutional review board-approved informed consent form before the start of the summer session, and students provided written assent. Participation was voluntary and anonymous with no compensation.
Protocol
During a single weekday group session at the beginning of the gifted summer program, a research assistant administered penciland-paper surveys, explained directions to all participants, and remained in the room while all surveys were completed. Item completion was checked as participants returned their surveys to reduce missing data and clock time errors.
Survey questions
Participants self-reported at-home eating behaviors by rating their likelihood of consuming 9 different categories of foods and beverages each hour across a 24-hour day on a 5-point scale (none, low, medium, high, or very high). The categories included carbohydrates, proteins, fatty foods, vegetables, fruits, salty foods, sweet foods, sugary beverages, and caffeinated beverages. Examples of foods and drinks were provided to ensure that participants were familiar with the specified categories. Regularity of eating breakfast, lunch, and dinner was assessed on a 5-point scale (never, rarely, sometimes, most of the time, nearly always). Participants also reported their usual at-home summer weekday and weekend bedtimes and wake times, as well as who set their bedtime (parent, self, other).
Data processing and plan of analyses
Sleep timing was assessed from reported bedtimes and wake times. We computed both weekday and weekend MST; however, because these measures did not significantly differ in the overall sample we used an average (weighted) weekly MST [MST average = ((MST weekday * 5) + (MST weekend * 2)) / 7] in this analysis. Lower and upper quartiles of this weekly MST were used to define early (n = 28; 02:11 ± 00:25) and late (n = 27; 06:14 ± 01:00) sleep timing groups (Table 1 ). Likelihood to consume foods and beverages from the different categories was categorized as "likely" if the response was high or very high likelihood. Descriptive analyses compared early and late sleep timing participants on demographic and key study variables. Confirmatory factor analysis for complex data 31 tested whether reported likelihood of consumption could be grouped into the following 3 factors: (1) caffeinated and sweet beverages; (2) fatty, sweet, and salty foods; and (3) vegetables, proteins, carbohydrates, and fruits. Next, multivariate models examined how the probability of consumption in each of the 3 categories changed throughout the day for early-and late-sleeping adolescents. These models omitted data from 1:00 to 4:00, as the probability of food and beverage consumption was virtually zero for both groups during this time interval.
Results
Descriptive statistics
Sleep timing groups did not differ by sex or race; however, participants in the late sleep timing group were 0.66 year (~8 months) older than those in the early sleep timing group (Tables 1 and 2) . We also observed group differences in who determined bedtimes (ie, parent vs student) and in the regularity of children and adolescents eating breakfast (Table 1) .
Specifically, participants exhibiting early sleep timing were more likely to have a bedtime set by parents (74%), whereas only 22% of late-sleeping youth reported parent-determined bedtimes. The majority of early-sleeping students (96%) reported having breakfast "Most of the time/Always," as compared with only 30% of those reporting late sleep timing. Very few early sleep timing group participants skipped breakfast (4%), whereas 37% of those who reported late sleep timing exhibited this pattern. We observed no significant group differences in the regularity of eating lunch or dinner.
Sleep variables
As expected, late-sleeping compared with early-sleeping students had delayed bedtimes, wake times, and MSTs on weekdays and weekends; however, the sleep duration of both groups was similar (Table 2) . Further analyses investigated a 2-way interaction between weekday/weekend differences in early/late sleep timing for these variables. We found no interactions for bedtime (F 1,53 = 0.77, P = .38) and sleep duration (F 1,53 = 0.19, P = .66). The interaction term for wake time, however, was significant (F 1,53 = 4.37, P = .04): wake times for the early sleep timing group was later on weekends than weekdays, whereas late-sleeping students had similar wake times across the week (Table 2) . 
Total hours of food and beverage consumption across the day
We computed an aggregate "eating hours" variable that summed the total number of hours that students reported they were likely to consume the 9 food groups across the 24-hour day. As shown in Figure 1 
Data reduction
Confirmatory factor analysis (CFA) tested whether the 9 food groups loaded onto 3 food factors: (1) caffeinated and sweet beverages; (2), fatty, sweet, and salty foods; and (3) carbohydrates, vegetables, proteins, and fruits. CFA was performed using the complex analysis type command in Mplus that accounts for within-individual item clustering (due to the repeated-measures nature of the data), thus providing accurate estimates of standard errors for clustered data. 31 Furthermore, robust weighted least squares estimator (WLSMV) was used to account for the binary nature of the food and beverage items. This approach grouped the 9 categories into high-energy-dense, nutrient-poor foods (ie, fatty, sweet, salty foods); low-energy-dense, nutrient-rich foods (ie, carbohydrates, vegetables, proteins, fruits); and beverages (ie, caffeinated and sweet beverages).
32,33
The 3-factor model had excellent fit to the data: Likelihood of food and beverage consumption across the day
The next set of analyses examined the effects of sleep timing differences on the likelihood of consumption of the 3 groups while controlling for age and sex. A multilevel model estimated the likelihood of consumption (in 1 of the 3 groups) over time of day and the effect of sleep timing on the likelihood of eating or drinking at each time point. The following set of formulas describes the model tested for sweet and caffeinated beverages for the person j at time i:
Thus, coefficients β 10 -β 20 correspond to differences in reported likelihood of drinking sweet and caffeinated beverages at each of the hours between 5:00 and 24:00, coefficient β 0 3 corresponds to group differences in overall level of probability of consumption (ie, effects of eating preference on likelihood of consumption intercept), and coefficients β 1 1 -β 20 1 correspond to the effect of having a reported early (as opposed to late) sleep timing on hourly changes in probability of consumption. Table 3 presents model estimates for the effects of early (as compared with late) sleep timing on overall (intercept) and hourly reported likelihood to consume each of the 3 groups. Given that the likelihood of eating or drinking at each hour is a combination of its intercept and hourly changes, we present an easily interpreted visual summary of the data in Figure 2 .
The pattern of reported likelihood to consume sweet and caffeinated beverages for youth with early vs late sleep timing was similar until 13:00 and then diverged drastically across the afternoon hours ( Fig. 2A) . For both groups, we observed a spike in reported probability of beverage consumption around mealtimes, but later-sleeping adolescents continued to consume sweet and caffeinated beverages at a relatively high rate between mealtimes and well into the latenight hours. Thus, as evident by separation of 95% confidence intervals, higher likelihood of consumption among late-sleeping than early-sleeping youth emerged after 13:00 and remained significant through midnight. Reported likelihood of eating fatty, sweet, and salty foods for early and late sleeping adolescents was comparable in early-and latesleeping students until 9:00 (Fig. 2B) . Both groups experienced elevations in reported probability to eat these high-energy-dense, nutrient-poor foods between 9:00 and 13:00; however, this rise was more pronounced for late-sleeping vs early-sleeping youth. Students in the late-sleeping group continued to consume these foods at a higher rate throughout the afternoon and evening and into the latenight hours.
As illustrated in Figure 2C , reported likelihood to eat vegetables, proteins, carbohydrates, and fruits in youth reporting early and late sleep timing followed a similar pattern between 13:00 and 24:00, with peak eating times occurring around lunch and dinner and relatively lower likelihood of eating between mealtimes. Compared with late-sleeping youth, those exhibiting early sleep timing were more likely to consume these high-energy-dense, nutrient-poor foods at breakfast (8:00-9:00), whereas late-sleeping students showed a greater likelihood of consuming these foods after lunch (14:00-17:00) and at night (22:00-24:00).
Follow-up analyses examined whether results observed over time could be explained by group differences in sleep duration and time since awakening; however, controlling for the effects of these 2 variables produced statistically similar results.
Discussion
The results of this study show that late sleep timing as measured by average weekly MST in children and young adolescents is associated with poorer dietary choices, such that late sleep timing students were more likely to consume high-energy-dense, nutrient-poor foods (ie, fatty, sugary, salty foods) and sweet or caffeinated beverages. We observed sleep timing differences for some but not all low-energy-dense, nutrient-rich food categories (ie, proteins and carbohydrates but not fruits and vegetables). No significant differences were observed in sleep duration between groups, suggesting that sleep timing may be an independent predictor of dietary patterns. Sleep timing group differences in dietary preferences remained after controlling for age and sex. These findings make important contributions to the field by showing sleep timing-dependent daily variations in the likelihood to consume different categories of foods and beverages.
Children and adolescents with late vs early sleep timing reported a greater likelihood of drinking sugary or caffeinated beverages throughout much of the 24-hour day. This result is consistent with and extends data from previous research showing an association between delayed sleep timing and higher consumption of caffeinated and/or sugary drinks. 16, 25, 29, 34 Additionally, our observation of an increased likelihood of drinking caffeinated beverages in the late sleep timing group maps onto the findings of others suggesting that caffeine may be a compensatory mechanism for children and young adolescents to combat daytime sleepiness. [35] [36] [37] Interestingly, we observed a high likelihood of consumption of such beverages even at 21:00, 22:00, 23:00, and 24:00, which may further promote late sleeping tendencies in children and adolescents by prolonging sleep onset latency. 37 In comparison to the early sleep timing group, youth reporting late sleep timing had a higher likelihood of eating food from the combined sugary, salty, and fatty food category, with the most striking differences in the afternoon and evening hours. These data are consistent with those from other studies showing associations between late sleep timing and increased consumption of fast-food 16 or foods high in fat, sugar, and/or salt, 14 as well as correlations between evening chronotype and increased consumption of fat, saturated fat, and sucrose in adults. 23 Furthermore, our findings complement those of
Baron and colleagues, 17 who reported an association between energy intake after 20:00 with an increased body mass index in adults. Late childhood and adolescence are periods of increased developmental susceptibility to circadian misalignment, 18, 34, 38 which has been linked to dysregulation of satiety hormones such as leptin and ghrelin 39, 40 and has implications for changes in energy balance and risk for adiposity and overweight status. Both the early and late sleep timing groups showed peaks for the combined category of vegetables, fruits, proteins, and carbohydrates at 13:00, a typical lunchtime, and at 18:00, a typical dinnertime. The late sleep timing group reported higher likelihood of eating these foods than the early sleep timing group, notably in the afternoon and between 22:00 and midnight. In contrast, early sleep timing students reported a higher likelihood of eating food in this low-energy-dense, nutrient-rich group between 8:00 and 9:00, suggesting a healthier dietary profile. [41] [42] [43] Also, group differences in 24-hour eating patterns were only observed for carbohydrates and proteins and not for fruits and vegetables. These results are similar to those of Fleig and Randler, 16 who did not show sleep timing group differences in vegetable and fruit consumption; however, data from another study suggest the contrary, as youth with later sleep timing showed decreased consumption of fruits and vegetables. 44 We also examined parental involvement in sleep schedules. About 75% of students in the early sleep timing group reported that their parents set their bedtimes, which was in striking contrast to the 22% of those in the late sleep timing group who had parentdetermined bedtimes. This finding has important implications for sleep and overall health, as parental intervention may extend beyond establishing and enforcing sleep schedules. That is, children and adolescents who are going to bed earlier and waking up earlier may follow a stricter parent-set schedule, including a more rigid timing of meals and snacks. Children and adolescents who stay up and sleep in later may also have less overall parental regulation (ie, more freedom in choosing when and what foods and beverages they consume). Parental control of sleep timing may be an important consideration for pediatric health care professionals. Work done by Short et al 45 showed that children went to bed earlier and reported better daytime functioning when parents controlled bedtime. Furthermore, earlier bedtimes can help attenuate circadian misalignment (ie, phase delay, social jetlag) by gating light exposure at night 18 and thus promote healthier dietary patterns.
Although our results contribute to understanding associations between sleep timing and dietary patterns, a number of limitations should be noted. First, the generalizability of our study results is weak because of the use of a convenience sample from a gifted student summer program. Students were asked about their usual athome sleep and dietary patterns during the summer, which may differ from the school year when they have less control over food choices and patterns. Thus, although these data may approximate "free" days as described by Roenneberg et al, 20 they may not be relevant for children and adolescents during the school year, when weekday eating patterns and especially wake times may be less variable. An interesting future line of investigation would assess the relationship between sleep timing and dietary patterns on both school and weekend days, as well as on "free" days. Second, our cross-sectional design limits the ability to understand developmental changes in sleep-dietary links. Third, although our food categories were based on current CDC guidelines 32 and supported by CFA, we did not distinguish between different types of carbohydrates. This limitation is important to note because carbohydrates can include a wide range of foods that vary in their energy density and nutrient profile. Finally, as we used only self-reports, our findings have limited utility for understanding pathways by which sleep timing may increase overweight/obesity. Self-report data on diet and sleep patterns are subject to recall and social desirability bias, especially in this age group. 46 Future well-controlled studies including biomarkers (eg, cortisol, melatonin, feeding-related hormones leptin and ghrelin) in a laboratory setting are needed to address this limitation and to control for differences in food availability, social factors, and physical activity. 47 Additional field-based work would also benefit from standardized measurement of sleep, dietary intake, electronic media use, and weight status. In summary, we observed striking group differences in the likelihood of consuming different foods and beverages in children and adolescents who reported early vs late sleep timing under a relatively unrestricted summer interval. These differences remained even after controlling for age, sex, sleep duration, and time since awakening, which have implications for the development of individual-and school-based prevention and intervention programs targeting sleep and nutritional health. Late-sleeping children and adolescents reported a higher likelihood of consuming foods and caffeinated and sugary beverages across the day and into the night compared with those exhibiting early sleep timing. A higher likelihood of eating at night may promote weight gain in children and adolescents who regularly engage in late sleep timing, and thus increase their risk for chronic illnesses such as obesity and diabetes. Future studies are needed to accurately and reliably measure circadian biomarkers, food and beverage consumption, and weight status to determine mechanisms underlying associations between sleep timing, dietary patterns, and overweight/obesity risk across development.
